
 

 
 

Nano=Kraft 
Whitepaper 

 

Nano=Kraft - a new member among providers of Surface 
Enhanced Raman Spectroscopy (SERS) Substrates 

(Hiroyuki Takei and Michael Großjean) 

 

  



 

2 
 

Table of Contents 
 

Introduction ............................................................................................................................... 3 

Raman Spectroscopy and SERS in a Nutshell ............................................................................. 4 

SERS:  A Universe of Application Areas ...................................................................................... 5 

Nano=Kraft SERS-Substrates in a nutshell ................................................................................. 6 

Technological, Economic and Production Aspects................................................................. 6 

First Benchmarking results ..................................................................................................... 6 

Good adaptability to various application purposes ............................................................... 9 

Production and Cost aspects .................................................................................................. 9 

Nano=Kraft – Vision and Mission ............................................................................................. 10 

Our Offer / Collaboration model ............................................................................................. 10 

Conclusion and outlook ........................................................................................................... 11 

References ............................................................................................................................... 12 

 

 

 

Figure Table  
 

Figure 1 Picture of Nano=Kraft Standard SERS substrate .......................................................... 6 
Figure 2 Comparison of Spectra of Rhodamine 6G taken with different SERS substrates ....... 7 
Figure 3 Comparison of Spectra of Naphthalene thiol vapor with different SERS substrates .. 8 
Figure 4 Overview about Nano=Kraft device family .................................................................. 9 
 

 

 

 

 

 

  



 

3 
 

Introduction 
 

In the course of the last 50 years Surface Enhance Raman Spectroscopy (SERS) has pushed the 
envelope for Raman Scattering based measurements. By utilizing physical and quantum 
chemical interactions between molecules of interest and diligently prepared nanoparticle set-
ups (so called substrates) a variety of experimental set-ups have been investigated.  
Theoretical limit for the enhancement factor (EF) of SERS based Raman versus pure Raman 
measurements is in the order of 1010. When statistically averaged in real life situations, this 
still leads to enhancements in the order of one thousand or more. Meanwhile, there exists a 
vivid ecosystem of various substrate types for an increasing number of real-world problem-
solving applications (Langer, 2020). This Whitepaper describes a recent class of SERS 
substrates which we have developed in our labs and named Nano=Kraft. 
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Raman Spectroscopy and SERS in a  
 

Raman spectroscopy1 is a mature spectroscopic technique which relies upon the so-called 
Raman Scattering2, an inelastic scattering of photons by matter. Related spectra generally 
provide information about molecular vibrations within examined molecules. They usually 
consist of a few to dozens of spectral bands which collectively provide a kind of fingerprint 
for one given substance, or even an isomer of a given substance. Raman is a convenient 
technique because the sample does not have to be placed in vacuum, and only a laser for 
excitation and a relatively simple spectrometer are required to constitute the system. 

Unfortunately, the Raman scattering intensity is quite weak in comparison to omnipresent 
fluorescence so that Raman signals are often overwhelmed. This problem cannot necessarily 
be solved by a new generation of portable and powerful Raman spectrometers.   

With the dawn of Surface-Enhance Raman Spectroscopy (SERS)3 some 50 years ago and the 
rise of “nanomanipulation skills” things changed.  The theory behind SERS is still subject to 
intense scientific discussions, but in practice people found out that by exploiting interactions 
between examined molecules and specific Nanoparticle arrangements Raman signals could 
be boosted by significant enhancement factors (EF). 

 

1 https://en.wikipedia.org/wiki/Raman_spectroscopy 
2 https://en.wikipedia.org/wiki/Raman_scattering 
3 https://en.wikipedia.org/wiki/Surface-enhanced_Raman_spectroscopy 
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Thus, SERS spectra are able to reveal (Raman active) substances in quantities which are far 
below the detection limit of Raman – see example picture above where the Raman spectrum 
is indicated as “Classical”. As for the background fluorescence, the surface-enhancement 
effect is rather limited so that the background can be suppressed.  

The art of SERS measurements consists in choosing the right Nanoparticle arrangements for 
target molecules together with diligent exploitation of – sometimes necessary – auxiliary 
supporting preparation or analysis methods. If you are interested in a more scientific, quite 
extensive review you might want to look up (Langer, 2020).   

SERS:  A Universe of Application Areas 
 
SERS has evolved quite rapidly within the last decade. The ever ongoing progress in 
nanotechnology, miniaturization of optical and electronic devices has accelerated a strong 
expansion of SERS applications (Li, 2013), (Langer, 2020) (Mosier-Boss, 2017).   

This is mainly due to two developments. First, maturing skills in crafting cheaper, well-tailored 
and fairly reproducible nanostructures for various fluid, solid and very specialized substrate 
types. Second, a still ongoing miniaturization of laser components and electronic devices 
which allows the manufacturing of comparably low-priced mobile Raman Analysis Kits. (One 
unique instrument is C13560 spectrometer from Hamamatsu Photonics. Including the laser 
and spectrometer, it is pocket sized and can be operated from a smart phone. Its price is 
approximately $5,000.) These Kits meanwhile fulfill hardening requirements essential for 
measurements in real world field situations, e.g., operations in Public Safety relevant Blue-
Light organization environments, etc.  

In our modern world there is a growing need for the detection of minute traces of poisonous 
or in any way harmful or socially unwanted substances. Or – vice versa – the proof of presence 
of traces of wanted substances. For instance: (1) supervision of agriculture measures, like 
compliant pest control; or (2) assuring food quality by ruling out or affirming the presence of 
certain substances in tested food products.   

Moreover, modern, often quite precise manufacturing techniques need e.g., a reliable control 
of raw materials to assure targeted product quality. In areas where such control involves on-
site verification of process relevant constituents – or the absence of undesirable constituents, 
SERS based techniques have already shown encouraging results (Hamamatsutu, ongoing). 

SERS based analysis techniques have already been successfully tested in several application 
areas, e.g.: Food Analysis, Agriculture, Manufacturing, Environmental Monitoring and 
Forensics – inclusive Public Safety relevant use cases like drug analysis or explosive substance 
detection (S. Pang, 2016) (T. Liyanage, 2018). 

A multitude of further use cases in additional application areas like molecular medicine or 
development of cancer treatments are currently being tested on a worldwide scale and the 
whole field is fast moving. Both with respect to research activities and commercial 
implementation.  
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Nano=Kraft SERS-Substrates in a nutshell  
 

Technological, Economic and Production Aspects 
 

SERS-Substrates have already been commercialized around the globe but are not yet widely 
used. This might be related to their comparably high production cost and a usually missing or 
high-threshold adaptability of substrates to specific industrial environments. Therefore, we 
focused our research approach on improving production process efficiency, substrate 
adaptability and last but not least scalability of our production methods.4 We have named the 
whole resulting substrate family “Nano=Kraft”. 

 

First Benchmarking results 
 
In this paragraph we refer exclusively to benchmark measurements taken with our 
Nano=Kraft Standard SERS substrate – see  

Figure 1 below.  

Additional data for other Nano=Kraft family devices are available but not subject to this 
Whitepaper. To benchmark we have evaluated up to three commercial products in recent 
months.    

 

 
Figure 1 Picture of Nano=Kraft Standard SERS substrate 

  

 

4 Our production know-how is subject to intellectual property protection and patented under Japanese Law 
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We have selected two examples for you: Our first example is a benchmarking measurement 
of rhodamine 6G which is a typical model compound used for evaluation of SERS substrates.  

 

 

 
Figure 2 Comparison of Spectra of Rhodamine 6G taken with different SERS substrates 
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The second example is a benchmarking measurement of Naphthalene thiol vapor. 

 

 

  
Figure 3 Comparison of Spectra of Naphthalene thiol vapor with different SERS substrates 

 

Figure 2 and Figure 3 above show, that the standard Nano=Kraft substrate provides fairly good 
sensitivity.  In particular, the sensitivity to gas is quite encouraging. 

In addition to rhodamine 6G and naphthalene thiol we evaluated various model compounds 
such as trans1,2-bis(4-pyridyl) ethylene, crystal violet, methyl mercaptan with comparably 
satisfactory results.  

As you can imagine, it is not a trivial matter to establish a completely fair protocol and our 
measurements are far from covering a complete picture. Both from a diversity aspect and 
statistical sets. So please take our results with a grain of salt.  
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Good adaptability to various application purposes  
 

Last but not least we would like to share with you, that we found out, that our approach 
enables a comparably easy adaptability of substrates to various application purposes. 

In addition to our standard Nano=Kraft substrate we are currently working on several 
Nano=Kraft devices which are optimized for purposes like adsorbing substances, food 
ingredients, low concentration samples and liquid samples (see Figure 4 below).  

 
Figure 4 Overview about Nano=Kraft device family 

 

Production and Cost aspects   
 

We are currently able to produce well-over one thousand spots in a single-day operation 
when run by a single researcher. Our protocol is, in addition, eminently suitable for an 
immediate increase in production if such need would arise.  



 

10 
 

To our knowledge production costs of already completed Nano=Kraft devices are fairly 
competitive. 

Nano=Kraft – Vision and Mission 
 

Nano=Kraft devices are one of the latest members in the growing field of industry relevant 
SERS research. We find that they depict several, quite promising features and are convinced 
of their usefulness in industry and research.   

Our vision is to create:  

“A SERS system that is robust enough to allow its use beyond basic research. 
Consisting of an inexpensive and compact spectrometer and high-performance 

substrates” 

 

We are determined to contribute to the transfer of SERS research results into industry scale 
applications. 
See also:  (Impact.pub Publication, 2021) 

In the course of this quest, we provide and will continue to offer new types of SERS substrates 
to meet various requirements.  

 

Our Offer / Collaboration model  
 

To make SERS work for you, we offer advice on which substrates may be the best for your 
intentions. This will be free of charge during the preliminary stage. If we find a right solution 
for you, we would appreciate donations to make our efforts sustainable. If you like the story 
which we have unfolded in this Whitepaper, we would be more than happy if you join us in 
our efforts to evaluate our Nano=Kraft roadmap and to grasp the opportunity to influence 
further developments. 

We offer you a collaboration which comprises the following steps:   

 We will measure the substance of your interest with our SERS method  
 If we can show that SERS measurements are possible., we will provide a certain 

number of substrates free of charge. Such substrates will usually be our standard 
substrate5  

 

5 Upon acknowledgement and usually extra cost we can in special cases also provide other substrates. 
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 We will not request any report from you after evaluation. Under some circumstance, 
it is perfectly understandable that you do not want results of the evaluation to become 
known to a third party. In such cases, we will be more than happy to sign a non-
disclosure agreement with you. 

Besides a fair cost share for shipping of the substrates all mentioned benefits are free of 
charge. 

Such collaboration frame is in our view a win-win situation. For you, as you will find out 
whether SERS can help you with your research or production with a minimum of 
inconvenience. For us, it will extend our know-how of market opportunities.  A collaboration 
could also mark a starting point for a potential partnership in terms of joint research or 
commercialization of Nano=Kraft.    

 

Conclusion and outlook  
 
SERS based Spectroscopy is a rapidly developing field with a growing perimeter for industry 
scale applications. Key for a reproducible, reliable and achievable use of SERS are respectively 
suited corresponding substrates which are well benchmarked and soundly investigated 
(Schlücker, 2020). With our Nano=Kraft device family we are confident that we have 
developed a family of tailorable and fairly economically producible substrates which are 
currently under benchmarking investigation. We invite interested parties to join us in our 
benchmarking and further evolution of the Nano=Kraft family and look forward to your 
feedback. 

Contact data see: http://www3.toyo.ac.jp/~st20200461/ 

 

  



 

12 
 

References 
Hamamatsutu, W., ongoing. https://www.hamamatsu.com/jp/en/product/photometry-
systems/raman-spectroscopy/index.html.  

Impact.pub Publication, 2021. The full spectrum - From analytical to practical. Impact-I - 
Applying Technology and Engineering, 
https://www.ingentaconnect.com/content/sil/impact/2021/00002021/00000001/art00015.  

Langer, J. e. a., 2020. Present and Future of Surface-Enhance Raman Scattering. ACS Nano, 
Issue 14, pp. 28-117. 

Li, D.-W., 2013. Recent progress in surface enhanced Raman spectroscopy for the detection 
of environmental pollutants. Microchm, Acta, 10 11.  

Mosier-Boss, P. A., 2017. Review of SERS Substrates for Chemical Sensing. Nanomaterials, 17 
06, p. 30. 

S. Pang, e. a., 2016. Review of surface enhance Raman spectroscopic (SERS) detection of 
synthetic chemical pesticides. Trends in Analytical Chemistry, Volume 85, pp. 73-82. 

Schlücker, e. a., 2020. Towards Reliable and Quantitative Surface-Enhanced Raman Scattering 
(SERS): From Key Parameters to Good Analytical Practice. Angewandte Chemie int. Ed., pp. 
5454-5462. 

T. Liyanage, e. a., 2018. Fabrication of a self- assembled and flexible SERS nanosensor for 
explosive detection at parts-per-quadrillion levels from fingerprints. Analyst.  

 

 


